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TO brf8 8 ) O W  bf 22 6ItprrrbeXktO hrvs b0.a C I P S f O d  Out. The88 8~pOri- 

m.alr h.. 8ttsdlad the offecU of nitrous oxid. QR rnyomrdirl ccmrrcttle 

fore*, he8rt-oe(1~mcmnt imngth, rrt8ri.l blood prerrur8. heart rrte , venm8 

premmm: md ealpriint e-ezt iz c%g~ 8 s  or&et t~ si;ii=.eti ii raise, ~~mpiwtrr 

undarotmdfag of the nnschaalrarno of tne cardiova8culrr aystem. 

E e c t r  of mV2O cm Myocardhl ContractUty. ALtbough PIICO .hd Helrich 

demonstrated contractile changes in the heart under N20 mmth88ia U8hg P 

heartclung preparation, no work h8d been pursued with the heart in 8 i tU  and 

with kitrret hervation. Chrngeo were studied uring a modified Gurrhing "yo- 

cardiograph in the. dog., in order to doterminns length-tenrion r~lationrhip. 

In a31 dogs dilatation of the ventricle resulted in an tncraaile In segment length. 

After the length of thirr eegment had been increased mechanically, the "developed 

tension" (systolic minur diastolic tension) was calculated. For a given length 

it waa arhown that the developed tsneion was l e a s  than control tension while 

nitroue oxide was administered. It followed then that maximum tension developed 

by tbe heart while under N2C was less than that developed while the animal was 

breathing room air, Results were rimilrr  after a control period in which the 

animal breathed pure oxygen, confirming that contractile force wa8 not the to 

changes in oxygen concentration, but was due entirely to the effect of nitroue 

oxide. 
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The remainder of the animals teated were thoracotornized and a Brodie- 

Walton strain gauge sutured to the right ventricle in order to monitor contractile 

force. A f t e r  initial administration of N20 a eubetibntial number of the dogcr 



exhibitad a "sympathetic burstt* Burbg which blood pressure and contractile 

foree greatly incroaaed, in 80mm cam8 to an oxtent grroatsr than controi. Aa 

epidural block using lidocaine w ~ b .  performed to interrupt rylnprthetic b e r -  

vation at the cervical level. Thir eliminated the Iiasppatbtic burst'' but did 

nc& 19ignifiC8ntfy alter the dsprsr@ion in esntractility bey~nd that of r n i m 8 i o  with 

intact eyrnpatketic innervation, 

This work bears out the concept of Wlkie that muscle functions as a two 

co-xpoaent s jsteri-i; comprised ot' a contractile component which rshortens with 

excitation, and a aerier elastic component which develops teneion when the c ~ n -  

tractile compoaugt rbgWas under cenditionrr of ioometric contraction. Under 

nitroue oxide it w16 seen that apparently there is a paesive relaxation of the 

contractiie cozponent, with  nca discrrnibiie crwgt in the slesrtcity of t:m muscle. 

The rate of tension developed at different impaged Lengths decreased, suggeeting 

that the rate of shortenin$ of the contractile component wae reduced. 

Effocte of Nitrous Cxide on Arterial Blood Pressure, Venoue Preaiure, 

Heart Rate, and Cardiac Output. In a11 groups it was noted that although myo- 

cardial contractile force woo decreaoed by N20, arterial blood prei~ur'c, veneus 

blood pressure, heart ratus and cardiac output reminod c a r t a n t  and remarkably 

8 table. 

Thie pheaennclna waa ctlrnprtible with contractile change8 whbn cortslatad 

with the work of Burch, et al. and Burton who ruggeotod tfut force on the internal 

wal l  of the ventricle could be equated with the product of the intraventricular 
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pressure and the eurftrcs area of the ventricle, visualizing the heart P I  a rphere, 



Formulated, this appears 98 the equation: F = €d x P wh8re: I? = force 

in dynerr; r = radius of the ephorical ventricle; m d  P = the prsrsurr mrn Hg. 

The hoop tension of the murcle may be defined by the eqwtiem: T = r2 x F 

An analysis of tiiese forrnuli rsveaf several facta. The muscle poraessar a 

4 to  1 mschanierl rdvmage ever the &stsiding fore., The hrtt Aacl ia 

incrsorsd end diastolic preS8uro ir less than t%at which  is $8Bn fR parrive 

relareation, With pasatvet rdsxatfon during nitrous oxide adrninilrtration the 

verttricdor -JG~URMS increases at a given and-diastolic presmure, reoulting in a 

greater force on the myocardium. More tension, in the face af thio fnctaa8sd 

heart s ize ,  ir therefore required to  raise tire pressure to o given diretolie 

prae mure. 

Thus it is suggettad tmt al:Sougn riitrous oxide depresseo the %sarion pro- 

ducing ability of the myocardium at a given segment length, passive relaxation 

increases the heart eegrnent length reeulting in a greater tenaion, thus main- 

taining normal outflow and pressure parametera. 

B. Evaluation of Findings to Date 

The hemodynamic changes studied in this experiment are felt to be of signi- 

€icmce ia adding to our knowledge of tne cardiovaecular system, which in turn, 

is of paramount significance in tns physiological aspect of manned space flight. 

The information gained in these experiments is coneirlered of importance to the 

field of medicine, particularly that of anesthesia. 

C. A Description and Statement of Cbjectivee of Remarch to be Conducted 

for the Balance of the Period of the Grant 

Experiments are planned involving the mobilization and excretion of catecholamines 

during varying periods of hypoxia. blyocardial changes and contractile force w i l l  
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be monitored during them priods. Thio deportment ha8 recently been 

equipped with an automatic fluorometric device for  the anuly8is of catechotomhes 

whfeh enables preatlar numbere of sampler to be determined than with the 

rrsafiuaf method over e given period of time. Bload sad urine catecholamine 

levels will  be mmec:rod. Two hypobaric ehlLmberla, ana omall, and oae large 

enouqh t o  be used for human physiologic e-.yerimsntetion ate available! at the 

Medical Center. 

D. P f z m b  fcr PdAication of Reault~l 

A full manuscript for work reported in the period January 1, 1964 to  

Auguat 3t, 1964 is being prepTed at this time. Material covered in thio report 

bas been completed and submitted for publication. 

E. Posuiiiilities for Expansion ai Cevelopmeut of tiiis Project into a Long Xange 

Major Research Effort 

In addition to the previously reported prospectus concerning myocardial 

and hemodynamic changes, it is felt that a comprehensive study of catecholamine 

uptake and excretion would be an excellent correlative factor in a long range 

program directed toward8 understanding of the cardiovaecular system under 

conditions that might be met in manned space flight. 

Fecilitiee and Equipment Available for Carrying on Research Training; The 

facilities of the Department of Pharmacology are new. 

m i m u m  efficiency in carrying out research and teaching. .%dequate laboratory 

and office space is available for conducting the program oiitlintd in the original 

g r a n t  application. These facilities include polygraph equipment, a well-equipped 

mammalian cardiovascular laboratory, surgical equipment, pressure transducers, 

They are designed for 
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special transducers for meaaurament of rnyocardfrl langtfi and tesnforr, 

Beckman Medical Cas Analyzer (Spinco Model LB-l), Chain-Compensated 

Gasometer, Van-Slyke Manornetawf equipment for &te,rrnhhg hbmatecpitm, 

percent oxygen oaturotion, and other apscializsd equipment for cordiovareular 

and respiratory expcrimants. A new cardiovaeculrr laboratory with 5uoro- 

scope and rt:lage inrens ii’ier e4uipment, Giliord Cuvette Denritomatrr (Mock1 103) 

for Cardio-Green dye dilution rtudies of cardiac output m d  tranrducrrr urd 

read out system@ for blood pressure maarusernents h8v8 been added to the 

Medical Center faciiiries . A Tachicon fluorometric AutoAnalyEer har been 

in use for approximately roix months in thiv department. It8 value h the array 

of catec.lolaniince W ~ E  mentioned in part C .  

Three graduate students wil l  receive the degree of Doctor of Philosophy 

as a result of work in thio department in June, 1965. It ia anticipated tbot 

three degree@ of Maeter of Science will a180 be awarded at thio date. 


